Effective external chest compressions (ECC) are recognised as being critical for increasing chances of survival in out-of-hospital cardiac arrest. The aim of this study was to: 1) determine the impact of movement and transport on effectiveness of ECC performed by student paramedics; 2) provide results to inform a future larger study; and 3) validate teaching methods in an undergraduate paramedicine program.
Introduction
Despite advances in resuscitative care for patients experiencing out-of-hospital cardiac arrest, high quality external chest compressions (ECC) remain the cornerstone of treatment (1, 2) . International guidelines increasingly highlight the importance of effective ECCs ahead of advanced life support intervention including advanced airways and cardiac pharmacology (3) . While high-quality ECC is advocated, the reality of out-of-hospital settings is that paramedics are frequently required to resuscitate cardiac arrest patients in diverse environments under less than optimal conditions that may not be conducive to achieving that goal.
While it is widely accepted that patient movement or transport should not be undertaken while ECCs are being performed, there are occasional circumstances in which this may be necessary. This could be in a situation where there is immediate danger to the patient or paramedics, necessitating early movement during resuscitation to another location. Another instance might be when spontaneous circulation is lost and ECCs become necessary during the extrication, loading or transport phases of care.
There are therefore three distinct phases during which ECC may be required to be performed in the out-of-hospital setting:
• on the floor/ground in an internal or external environment • on a full-height stretcher during extrication and loading into an ambulance • during transport on a stretcher in the back of a moving ambulance.
The aims of this study were to compare the impact of movement and transport on effectiveness of ECC and to assess feasibility of conducting a larger study.
Methods

Design and setting
This prospective pilot study used an observational cohort study design. The setting was an undergraduate paramedicine program at Western Sydney University. Data collection was undertaken between June and December 2015.
Participants
Participants were student paramedics in their second year of a three-year undergraduate paramedicine program. No exclusion criteria applied to prospective participants. All participants had received focussed education and training in relation to performance of ECC as part of their core undergraduate studies, and all had completed a 4 week clinical placement with an emergency ambulance service in which some engaged in 'real' ECC in a clinical setting. Participants received no additional specific ECC training or 'primer' practice before participating in the study.
Recruitment
Recruitment took place via promotion of the study on social media pages, posters at paramedic conferences and public announcements. Participation was entirely voluntary, with all participants completing information and consent forms before commencement of data collection.
Study outcomes
The primary outcome for this study was 'ECC effectiveness'. This was measured as 'CPR score' (CS), a composite measure of CPR effectiveness devised by Laerdal™ based on internationally accepted criteria and associated definitions (3). The CS is a manikin-based measure produced by an accelerometer mechanism: it is a composite measure of CPR performance which converts the effectiveness of ECC into a percentage by combining individual measurements of compression depth, rate, release, hand position and number of compressions per cycle into a specific algorithm. The details of the CS composition are available at http://cdn.laerdal.com/ downloads-test/f3784/Att_2_to_00021778.pdf
Study process and data collection
Following the provision of consent, each participant was required to perform three periods of ECC in different conditions, each of three minutes duration on a Laerdal™ simulation manikin using standard ECC technique in line with ILCOR guidelines. Period 1 (ground ECC) involved performing ECC on a manikin positioned on a stable hard floor surface. Period 2 (extrication ECC) involved performing ECC on a manikin lying on a moving DHS™ ambulance stretcher positioned at full height, pushed by another student at walking speed along a predetermined route along a flat pathway. Period 3 (transport ECC) involved ECC on a manikin placed on a DHS™ ambulance stretcher locked in position in the back of a moving ambulance travelling at a maximum speed of 40 km/h along a predetermined route around the university campus road system.
To mitigate the risk of ECC-induced fatigue potentially affecting the results of each ECC data collection period, participants were required to have a rest and recovery period of at least 15 minutes between performances. Additionally, participants did not complete periods 1, 2 and 3 in an ordered sequence; they pragmatically completed the three periods in varying order according to availability of resources and research assistants at the time of data collection. The majority of participants completed the three periods of ECC in two sessions over several days. Immediately following each individual participant's period of data collection, ECC performance data (the CS) was exported from the Laerdal Simpad device to an Excel spreadsheet, before being imported into Stata Version 13 (Stata Corporation) for statistical analysis. Participants, data collectors nor the statistician were blinded to the study aims, outcomes or data.
Sample size
As the study was a pilot study with an aim to assess feasibility of a larger, appropriately powered trial, no formal sample size calculation was performed. A pragmatic sample size of 30 participants was set in order to ensure validity of the planned statistical comparisons. This approach was adopted as there was insufficient data in existing literature on which sample size calculations could be performed.
Data analysis
Descriptive statistics were generated for participant demographics and for the primary outcome of compression score (CS) expressed as a percentage measure, presented as mean with standard deviation. Differences between the three phases were assessed using one-way ANOVA and KruskalWallis tests for parametric and non-parametric distributions, respectively. Statistical significance was established at alpha = 0.05.
Ethics approval
Approval to conduct the study was granted by the Western Sydney University Human Research Ethics Committee (H10936).
Results
Following promotion and recruitment activities, 33 student paramedics agreed to participate in this pilot study. Of these, 31 completed at least one ECC period, and 27 completed all three periods. Three participants were unable to attend any of the scheduled data collection days, and three withdrew after completing one period of data collection. Only data from the 27 participants who completed all three periods of ECC were included in the final analysis.
For the primary outcome, ECC performed on a hard floor surface produced the highest CS (89%; IQR 46), followed by ECC performed in the moving ambulance (54%; IQR 40) (Table 1) . Extrication ECC performed on the moving ambulance stretcher was least effective (CS 0%; IQR 14) . The difference in CS across these three ECC conditions was statistically significant (p=0.001); the magnitude of the values suggest these differences would be clinically significant. Statistically significant differences were seen across the three ECC conditions for all individual variables contributing to the overall CS except for the proportion of compressions with full release (p=0.13) ( Table 1) .
Discussion
This prospective cohort study contributes new knowledge to the field of out-of-hospital resuscitation research in that it is the only study comparing ECC across all three conditions under which paramedics may be called on to perform ECC (ie. on the floor, during extrication/loading and during ambulance transport). It suggests that manual ECC performed during extrication and loading is essentially futile, and when performed during ambulance transport, highly ineffective. It also suggests that retention of basic ECC skills may be less than optimal among this cohort of student paramedics. The overall findings are consistent with those previously reported in manikin-based simulation studies and human observational studies, which consistently demonstrate ineffectiveness of either ECC alone or CPR (ECC plus ventilations) when performed in situations other than on a flat floor surface (4-6). The results of the extrication period confirm what one would intuitively expect: ECC during this period is essentially futile. While research in emergency department settings has investigated the impact of varying stretcher heights on effectiveness of ECC, the impact of movement of the stretcher as would be required during loading of a patient in the out-of-hospital setting is less well described. Lei et al performed a randomised crossover trial in which medical students performed CPR either on the floor or on a stretcher while straddling a manikin (7). They reported that CPR quality did not decrease when performed by a person straddling the patient on the stretcher. In a similar study, Kim et al conducted a simulation-based cross over randomised controlled trial comparing two-person CPR on the ground to when performed in a non-straddling position on a moving stretcher (8) . The participant performing compressions for 3 minutes was walking alongside the stretcher that was 90 cm in height, essentially the same technique and stretcher height as in this present study. They found major decreases in the percentage of compression performed correctly and in depth of compressions for those performed on the moving stretcher. That study also reported CPR data from two performers, as a two-person team was built into the design, with performers swapping from compressions to ventilations after 3 minutes, providing data across a 6-minute span. The present study involved a single person performing ECC without ventilation for 3 minutes, reducing the ability to directly compare results. While frequently seen in fictionalised media, the straddling CPR on a moving stretcher tested in the study by Lei et al is not permitted in Australian ambulance service jurisdictions due to the risk of harm to the paramedic performing the compressions, so walking alongside the stretcher as in the present study and that by Kim et al is the method most likely to be performed in real clinical practice. While the present study used a composite score not reported by Kim et al, the end result of severely compromised ECC makes for good comparison.
On the surface, these current data could be seen to add weight to the argument supporting the implementation of mechanical chest compression devices as a solution to ensuring quality continuous compressions during extrication, loading and subsequent transport. However, with multiple studies including meta-analyses unable to demonstrate survival benefits arising from the use of mechanical chest compression devices compared to conventional ECC, the widespread implementation of such devices remains uncommon and potentially infeasible from a health economic perspective in many ambulance services (9) (10) (11) . Hence, the need to perform manual ECC during these periods remains a relevant area of investigation. These present findings are further evidence that attempts to extricate and load a patient in cardiac arrest on whom ECC are being performed should be delayed where at all possible until the return of spontaneous circulation (ROSC) has been achieved.
The quality of ECC deteriorated significantly during the 'transport ECC' period, a finding again consistent with the body of literature describing performance of CPR in the back of a moving ambulance. While not exactly futile, our data suggests that ECC performed in this setting would result in predominantly ineffective compressions, and would therefore not be contributing to the likelihood of greater chance of survival if extrapolated to a real clinical context. Effectiveness of CPR or ECC while in a moving ambulance has been studied extensively in simulation-based research and observational studies (12) (13) (14) (15) (16) . All have produced consistent findings indicating that this should be avoided wherever possible. In the absence of a mechanical chest compression device being in situ, a loss of circulation (pulse) during transport should result in the ambulance being stopped immediately so as to enable performance of effective ECC until ROSC occurs. With the knowledge that high quality, continuous ECCs are at the core of successful resuscitation efforts (17) and that ECC during transport is almost certainly less than therapeutic in quality as demonstrated in this present study, continuing on and attempting to provide ECC en route would have to be considered detrimental to the clinical needs of the patient. While the floor phase yielded the highest average compression score (89%), this was below recommended guidelines for what would be considered high quality CPR. This was an unexpected result given the participants were fit and healthy student paramedics who had completed ECC training that incorporated the use of feedback devices less than 1 year before the study commencing. The mean compression score of 89% would be considered less than optimal ECC and would have been detrimental to likelihood of patient survival if being performed on a real patient. There is no clear explanation for the lower than expected floor phase performance. The manikins used in the study were regularly serviced and maintained and were all in appropriate working order at the time the study commenced, as were the handheld devices on which the data were recorded. An explanation to be considered is that teaching of ECC to the students was inadequate, and that participants entered the study with a less than optimal ability to perform ECC. This could flag a need for the university program in which the students study to reassess the teaching of ECC at the undergraduate level. However, all participants were at a point in their course of study at which their performance had been assessed under examination conditions earlier in the program, with participants deemed to be of satisfactory standard. Finally a skill-retention issue could be at the core of this finding; they may have been originally taught well, but were not exposed to ongoing opportunities to regularly perform ECC as their study progressed. This phenomenon of skill depletion has been reported widely in studies of students and health professionals in live and simulated clinical settings (18) (19) (20) .
Limitations
There are several limitations that must be considered when analysing the data presented in this study. The observational, non-randomised design of the study inherently introduces the prospect of bias. A randomised trial design was not used as such a study was beyond the capacity of the research team, which was functioning within the context of a student research capacity-building initiative and therefore restricted in terms of funding and logistics.
An inability to blind participants to the setting in which they were performing each of the three period of compressions may introduce bias into the results. The absence of blinding makes the study vulnerable to the risk of a participant or participants performing compressions with varying effort depending on which period of compressions was being undertaken in order to influence study outcomes. This risk was unable to be mitigated, as the nature of the interventions in the study made blinding impossible.
There may have been a degree of 'intra-group' variability in the stretcher and driving periods as it was not possible to ensure the speed of the stretcher and ambulance were identical for all participants. This could impact on the quality of compressions for each participant and therefore serve as a confounder to the overall group result, however it was a variable we could not adjust for so it remains a limitation without mitigation. Additionally the project was designed as a pilot study with the aim of generating data that could be subsequently used to inform design and scope of a larger clinical trial on the same topic should a funding opportunity come to fruition. A further limitation leading on from this is the small sample size, again largely due to the pilot study context of the study. This leads to the study being underpowered, and therefore at risk of type II error in the analysis. The results must therefore be viewed as hypothesis generating, rather than as definitive outcomes on which change in practice could be implemented. The study was single centre in its recruitment, so the results from this cohort of student participants should be extrapolated to other student or clinician populations with caution. The study originally aimed to recruit students from several similar institutions to increase external validity, however this approach to recruitment proved unsuccessful, leading to a reversion to a single centre design. Finally, the study was conducted in a simulation context, which limits the ability to generalise to 'live' clinical settings. However, as performing this type of experimental research on human patients would most likely be ethically unsound, manikin-based simulation research such as this study provides valuable data that otherwise could not be achieved.
Conclusion
The circumstances in which CPR is performed in the outof-hospital setting significantly impacts the quality of ECC. Performance of ECC during extrication and loading, and during road transport in an ambulance appears to be futile and predominantly ineffective, respectively. Paramedics should consider these findings when deciding to move or transport patients before return of spontaneous circulation, or when a patient being loaded or transported reverts to cardiac arrest. Lower than expected CS on hard ground surfaces may indicate a need to review teaching of ECC in this cohort of students, or consideration of embedded strategies aimed at minimising skill deterioration across the duration of an undergraduate degree program.
